The present work evaluated the chemical composition and antiulcerogenic potential of the crude extract, fractions and pure compounds isolated of roots barks from Maytenus robusta Reiss, using different pharmacological models in mice. 3,12-Dioxofriedelane (1) and 11-hydroxylup-20 (29)-en-3-one (2) were isolated from the n-hexane fraction, and mayteine (3) and 3,7-dioxofriedelane (4) from the dichloromethane fraction. The crude extract (50, 259, 500 mg/kg), all the fractions (250 mg/kg) and cimetidine (100 mg/kg) significantly reduced the lesion index, total lesion area, and percentage of lesions, in comparison with the control group (p< 0.05), by ethanol and NSAID-induced ulcer models. All the isolated compounds also presented significant pharmacological effects at 30 mg/kg. These results show that the root bark of M. robusta may be a promising source of molecules with applicability in the treatment of gastric disorders.
Peptic ulcer is a gastrointestinal disorder related to the appearance of ulcerative lesions in the stomach or duodenum. This pathology is the most frequent disorder of the gastrointestinal tract worldwide, with high incidence and prevalence [1] . Pharmacological treatment of peptic ulcers currently involves mainly antacids, histamine receptor antagonists-2 (H2-Ras), and proton pump inhibitors. However, prolonged use of H2-Ras and proton pump inhibitors can cause serious side effects, such as hypersensitivity, arrhythmia, impotence, gynecomastia and hematopoietic disorders [2] . There is, therefore, a need to discover and develop newer, cheaper, and safer antiulcer agents. In this context, plant extracts have been shown to produce promising results in the treatment of gastric ulcer [3, 4] . Phytochemical studies carried out with plants belonging to the Maytenus genus have demonstrated the presence of different constituent classes, including flavonoids, pentacyclic triterpenes and sesquiterpenes, and alkaloids, which present important pharmacological profiles, such as antiulcerogenic, analgesic, antiinflammatory, antifungal, leishmanicidal and anti-HIV activities [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . M. robusta, a species that is very well adapted to the south of Brazil, where it is known as "Cafezinho do mato", and also M. ilicifolia (Espinheira-santa), are used in folk medicine to treat stomach ulcers [6, 13, 17] . In a previous study, our research group demonstrated that a hydroalchoolic extract of the aerial parts of M. robusta displayed gastroprotective activity and no genotoxic effects [12, 18, 19, 20] . However, until now, no study on the root bark has been reported. Thus, the aim of our study was to isolate and identify the main chemical constituents of this part of M. robusta, and evaluate the antiulcerogenic activity of the crude extract, fractions, and isolated compounds.
Species of
Maytenus have been studied for their gastroprotective potential for many decades due to the folk use of M. ilicifolia to treat gastric ulcers [6] . There are several gastroprotective phytomedicines on the market obtained from M. ilicifolia, but this species is presently on the verge of extinction due to its indiscriminate and excessive use in Brazil. In recent years, our research group has investigated other species of Maytenus as substitute for M. ilicifolia in gastroprotective preparations. One of the species investigated that presented interesting results is M. robusta, which is also used in folk medicine to treat stomach ulcers, and is very well adapted to the south of Brazil [12, 17] . In this study, phytochemical analysis of the extract of root bark of M. robusta was performed by chromatographic procedures such as open column chromatography, in an attempt to isolate the compounds responsible for the possible gastroprotective activity, as well as the possibility of finding substances not yet isolated from this species. The preliminary phytochemical profile observed by thin layer chromatography, in comparison with standards of the other species studied, revealed the presence of different compounds belonging to the class of agarofuran of the terpene type, lupane and sterols, based on the specific color when developed with anisaldehyde sulfuric reagent. Repeated column chromatography of the hexane-soluble fraction of the root bark led to the isolation of 3,12-dioxofriedelane 1 and 11α-hydroxylup-20(29)-en-3-one 2. From the dichloromethane fraction, mayteine (3) and 3,7dioxofriedelane (4) were isolated ( Figure 1 ). The structures of the compounds were identified by comparing their physical and spectroscopic data ( 1 H NMR, 13 C NMR, DEPT, and 2D NMR) with the values reported in the literature [11, [21] [22] [23] [24] .
After phytochemical analysis and isolation of compounds not yet evaluated for their gastroprotective potential, the extract, fractions Oral administration of ethanol promotes gastric mucosal disorders such as ischemia and free radical generation, de-granulation of mast cells, inhibition of prostaglandin production and decreased production of gastric mucus, leading to the formation of severe necrotic lesions [25] . These lesions are characterized by multiple hemorrhagic red bands or dark brown patches of different sizes, along the axis of the glandular stomach. Therefore, this assay is the most widely-used test for screening compounds with antiulcer activity. The ulcerated area in the control group after HCl/ethanol administration was 65.3 ± 5.2 mm 2 . The treatment of mice with extract at doses of 50, 250 and 500 mg/kg significantly reduced the gastric lesions (p  0.01) to 14.6 ± 3.3, 6.3 ± 2.5 and 2.9 ± 1.2 mm 2 ; respectively. Similar results were observed in the groups treated with fractions. Omeprazole, an anti-secretory drug used for the clinical treatment of gastric ulcer, also caused significant inhibition of the gastric lesion at 100 mg/kg, when compared with the negative control ( Table 1 ). In relation to the isolated compounds, it was verified that all of them prevented ulcerative lesions in the gastric mucosa at the dose of 30 mg/kg ( Table 2 ). Considering the isolated compounds tested, we see that these belong to the terpenoids and agarofuranes classes. Terpenoids have been widely cited in the literature as molecules with gastroprotective potential [4] . Triterpenes, in particular, appear to act by different and complementary mechanisms, exhibiting, as a common feature, an improvement in mucosal defensive factors rather than effects on aggressive factors [26] . The agarofuran class, meanwhile, has shown immunosuppressant activity, including inhibition of NFjB activation and iNOS production in vitro. Mayteine (4) induced IL-6 and, weakly, TNF-α in human peripheral blood mononuclear cells [27, 28] . To the best of our knowledge, the gastroprotective properties and phytochemical analysis of M. robusta roots are being reported here for the first time.
The results obtained in this study show that the roots of M. robusta may be a promising source of molecules with applicability in the treatment of gastric disorders. Besides, considering that M. ilicifolia is presently near to extinction owing to indiscriminate and excessive use in Brazil, and that M. robusta is very well adapted to the south of Brazil, the results indicate that this species could be used in phytotherapeutic preparations as a substitute for M. ilicifolia. Nevertheless, further investigations are required to elucidate the mechanisms of action.
Experimental
Plant material: Maytenus robusta Reiss was collected in the city of Camboriú, Santa Catarina, and identified by Prof. MSc. Oscar Benigno Iza. A voucher specimen was deposited at the Barbosa Rodrigues Herbarium (Itajaí-SC) under number VCFilho 12.
Preparation of extract and fractions:
Root bark dried under air circulation (52.08g) was ground with a knife and macerated with 100% methanol at room temperature for 7 days, yielding 13.43g of crude methanol extract. This was partitioned with solvents of increasing polarity such as n-hexane, chloroform and ethyl acetate, yielding 0.82, 0.74 and 2.56 g, respectively.
Extraction and isolation:
The n-hexane fraction (0.82g) was submitted to column chromatography, eluting with 100% n-hexane and then with gradually increasing amounts of acetone, yielding two sub-fractions (MRR-12 and MMR-25) according to the TLC profile. MMR-12 (10.5 mg) and MRR-25 (12 mg) were identified by TLC, by comparison with authentic samples, and spectroscopic data as 3,12-dioxofriedelane (1) and 11α-hydroxyl-up-20(29)-en-3one (2) (Figure 1 ). From the dichloromethane fraction, mayteine (3) and 3,7-dioxofriedelane (4) were isolated and identified.
Drugs, reagents and solvents:
Indomethacin, cimetidine and omeprazole were purchased from Sigma Aldrich (St. Louis, MO, USA). All other used reagents and solvents were of analytical grade.
Animals:
Male Swiss mice (20-25 g.) were provided by the Central Animal House of the Universidade do Vale do Itajaí (UNIVALI), Itajaí -SC. The animals were housed in groups of 5 in standard cages at room temperature (25 ± 3°C) with 12 h dark/12 h light cycles and food and water ad libitum. Twelve h prior to the experiments, the mice were transferred to the laboratory and were given only water ad libitum. In all the experiments, the animals were kept in cages with raised floors of wide mesh to prevent coprophagy. The animals used in the present study were housed and cared for in accordance with the Federal Government legislation on animal care. Also, the experiments were authorized by the Ethical Committee for Animal Care of the Universidade do Vale do Itajaí, Itajaí, Santa Catarina, Brazil (Process number 01/2011).
Ethanol/HCl-induced ulcer:
The experiment was performed according to the method described by Schmeda-Hirschmann et al. [3] , with minor modifications. After 12 h of fasting, the mice were randomly divided into 5 groups of 6 animals each. The first group was given 0.5 mL of vehicle (1% Tween-80 aqueous solution) and the second group was treated with omeprazole (30 mg/kg). The remaining 3 groups received 50, 250 and 500 mg/kg of methanol and fractions (250 mg/Kg) of M. robusta. The treatments were administered orally by gavage. One h after treatment, all the mice received 0.2 mL of a 0.3 mol/L HCl/60% ethanol solution to induce gastric ulcer. One h later, the animals were sacrificed by cervical dislocation, and the stomachs removed and opened along the greater curvature. The stomachs were gently rinsed with water to remove the gastric contents and blood clots, for subsequent scanning. The images obtained were analyzed using specific "EARP" software to measure each lesion point. The following parameters were determined: i) total area of lesion and ii) percentage of lesion area in relation to total stomach area [18] . In another assay, the Gastroprotective analysis of Maytenus robusta roots Natural Product Communications Vol. 11 (5) 2016 599 gastroprotective activity of the isolated compounds (3,12dioxofriedelane, 3,7-dioxofriedelane, 11α-hydroxylup-20(29)-en-3one and mayteine) was investigated. In this experiment, mice were divided into 5 groups with 6 animals in each, which were submitted to fasting for 12 h prior to receiving 0.2 mL of the vehicle (1% Tween-80 aqueous solution) and either 30 mg/kg of omeprazole (standard drug) or 30 mg/kg of the isolated compound, respectively. One h after treatment, all the mice received 0.5 mL of a 0.3 mol/L HCl/60% ethanol solution (ethanol/HCl) to induce gastric ulcer. After another hour, the animals were sacrificed by cervical dislocation, and the stomachs were processed as described above.
Statistical analysis:
The data are reported as mean ± standard error of the mean (SEM) and were compared using one-way analysis of variance (ANOVA), followed by the Dunnett's pair wise test, with p values < 0.05 considered significant.
